INTRODUCTION
============

Chronic obstructive pulmonary disease (COPD) is a leading cause of disability and mortality worldwide. Acute exacerbations of COPD (AECOPD) contribute to poor quality of life and are a major cause of hospital admissions leading to significant health costs \[[@R1]\]. It is not entirely clear why some COPD patients experience frequent exacerbations, while others remain free. AECOPD are generally considered to become more frequent when COPD is advanced and a history of previous exacerbations best predicts the subsequent occurrence of AECOPD \[[@R2],[@R3]\].

Recently, there has been a growing interest in better defining COPD phenotypes associated with increased susceptibility to exacerbation, including milder forms of COPD, and identifying factors that might correlate with these phenotypes \[[@R4]\]. Recent studies explored the hypothesis that there may be a "frequent-exacerbation" phenotype independent of disease severity, implying the existence of an underlying mechanism (genetic, biologic or behavioural) that determines susceptibility to recurrent exacerbations \[[@R5]-[@R7]\]. Microaspiration from gastroesophageal reflux, psychological factors, such as perception of dyspnea and adherence to medication have been proposed as predisposing factors \[[@R5],[@R6]\]. A greater susceptibility to viral respiratory tract infections has also been highlighted. This hypothesis was sustained by a potential higher sensitivity to viral infections that may be explained by an up regulation of intercellular adhesion molecule (ICAM-1), which is the major receptor for some viruses \[[@R8],[@R9]\]. Simultaneously, viral infections have been confirmed as a cause of AECOPD and several studies suggest that viral AECOPD are more severe, and are associated with prolonged recovery time and greater morbidity \[[@R10]-[@R19]\].

Using previously published data, the aim of this study was to determine whether identification of a respiratory virus during an index severe acute exacerbation of COPD (AECOPD) is associated with an increased risk of subsequent exacerbations and mortality during a one-year follow-up in patients who survived initial AECOPD.

MATERIALS AND METHODS
=====================

This work reflects secondary analysis from a previous published study \[[@R18]\]. COPD patients admitted for AECOPD (n=86) between June 2007 and December 2008 at Geneva's University Hospital were followed up for 1 year. Detailed inclusion criteria, patients characteristics, procedure and virological samples have already been reported \[[@R18]\].

Briefly, after systematic virological sampling with nasopharyngeal swabs (individual two steps real-time Taqman^©^ based RT- PCR or PCR assays for 18 distinct respiratory viruses found in the community obtained at index admission and 4 months later in stable condition), original study found that 51% (n=44/86) of index AECOPD were associated with viral infection versus 11% (n=7/71) in stable condition \[[@R18]\]. Bacteriological analyses of sputum samples at index admission were available in 61 cases (29% were unable to produce sputum) and 39 of 61 (64%) met microscopic criteria for bacteriological validity. Of these 39 cases, 20 (51%) had a positive culture. Only 7 (8%) of the 20 cases with a documented bacterial infection or colonisation were co-infected with a virus. Both virus-positive and virus-negative groups were comparable regarding baseline characteristics, except that patients with viral infection reported less frequent COPD exacerbations during the previous year and a shorter duration of symptoms before admission. We found no statistically significant difference between patients with and without virus-associated AECOPD in terms of time to clinical recovery, length of hospital stay, or 4-months mortality.

One year after the index AECOPD, for the purpose of this new study, patients who survived initial AECOPD were contacted directly by phone and/or through their primary care physician (PCP) to collect information about subsequent AECOPD and mortality (n=81). Five patients could not be contacted and were excluded from analysis. AECOPD was considered when patients or their PCP reported admission or outpatient corticosteroid and/or antibiotic therapy for an acute respiratory problem. Death reported to be of respiratory cause was also considered as AECOPD. Patients, who died during the index AECOPD (3 cases) were excluded for analysis of AECOPD incidence.

Statistical Analysis
--------------------

The event rate of exacerbation (number of AECOPD/person-times of follow up) was analysed with a Poisson regression model. Event rates were calculated for categories of patients with or without viral AECOPD and according to number of AECOPD (0, 1, 2 or more AECOPD) during the year preceding the index AECOPD. Cox regression model was used to analyse all-cause mortality and time to first AECOPD, according to the presence or absence of viruses at initial AECOPD. Results are presented as hazard ratios (HR) with 95% confidence intervals (95% CI). All statistical analyses were performed using SPSS (version 15.0 for Windows, Chicago, IL,) and STATA version 11.

RESULTS
=======

Patients' characteristics were similar in both groups (viral or non-viral index exacerbation) except for AECOPD episodes during the preceding year, which were more frequent in subjects with non-viral index AECOPD. (1.4 ±1.6 *vs* 0.8 ± 1.0, p=0.04) \[[@R18]\].

Overall, we observed 114 AECOPD for a total of 14'959 days of follow-up. Mean exacerbation rate was 1.9 AECOPD per person-year for patients with viral index AECOPD and 4.0 AECOPD per person-year for those with non-viral index AECOPD. Patients with viral index AECOPD were less likely to have subsequent AECOPD during one year follow up (Incident rate ratio (IRR) 0.57; \[CI 95% 0.39-0.84\]), after controlling for previous exacerbations. In fact, IRR of exacerbations was strongly associated with the number of exacerbations in the year preceding the index AECOPD (Table **[1](#T1){ref-type="table"}**). Patients with 2 or more previous exacerbations had a 3 fold excess risk of recurrent exacerbation in the following year (IRR 3.26; \[CI 95% 2.09-5.06\]). AECOPD rate during follow-up was: 5.2 per person-year for those who reported ≥2 AECOPD during the preceding year, *vs* 3.6 per person-year for those with 1 exacerbation and 1.5 per person-year for those without any exacerbation.

During follow-up, 16 patients died; 6 (7.3%) had viral index AECOPD and 10 (12 %), non-viral index AECOPD. In a Cox regression model, mortality was not higher for patients with a proven viral infection (HR 0.56 \[95% CI 0.20 -1.58\]) after adjustment for severity of obstruction, number of previous exacerbations and age. Similarly, time to first exacerbation did not differ between groups (log rank p= 0.59).

Subgroup analysis of patients with virus identified in their upper viral respiratory tract at 4 months after the index hospitalization (n=8 of 71) did not show a relation between prolonged viral shedding and frequent exacerbations (p=0.93).

DISCUSSION
==========

In our study, viral related AECOPD leading to hospitalization was not associated with a higher rate of exacerbations when compared to non-viral AECOPD, during a 1-year follow-up. These results do not support the hypothesis that COPD patients who have a documented viral infection have a higher risk of recurrent AECOPD. To the best of our knowledge, our study is the first work that looks for an association with an index viral AECOPD and subsequent exacerbation. Previous studies suggest that viral AECOPD are more severe, and are associated with prolonged recovery time \[[@R10]-[@R19]\]. However, only one study reported a trend for more frequent exacerbations in stable COPD in whom viruses were detected, suggesting chronic viral shedding as a predisposing factor for recurrent AECOPD \[[@R17]\]. Prolonged shedding has been mainly described for RSV and the small number of cases observed in our study precludes any further conclusions. We can however hypothesise that the seasonal pattern of RSV epidemics, varying substantially every year, might explain this discrepancy. Indeed, several studies, even in Switzerland, reported a biennial activity of RSV that could underestimate the prevalence of RSV in our COPD population study in comparison with others studies.

Furthermore, the observation that viral AECOPD may confer a relative protection against further exacerbation compared to non viral AECOPD is intriguing. It has previously been reported that patients with frequent exacerbations may have increased airway inflammation in the stable state. It remains not clear whether our results reflect that people with a chronic inflammation of their lung are protected against viral infection. Interestingly, a recent study reported that COPD patients prone to exacerbation had significantly lower concentrations of rhinovirus antibodies (anti-VP1 IgG1) \[[@R20]\]. In our study, rhinovirus was the main infectious agent and we may hypothesize, that patients with index viral AECOD were partly immunised against rhinovirus during the following year, suggesting a "refractory period" and highlighting the importance of humoral immunity against rhinoviruses. The extent to which anti-microbial immunity in COPD is associated with exacerbations needs further investigations.

Our findings confirm that the most reliable predictor of exacerbations in an individual patient seems to be a history of frequent exacerbations. Indeed, number of exacerbations during the year preceding the initial AECOPD was strongly associated with future exacerbation rate, suggesting that patients with frequent exacerbations have a distinct phenotype regardless the presence of viruses. This confirms that "frequent exacerbators" (≥2 AECOPD/year) may be proposed as one of clinically distinct phenotypic characteristics of COPD disease \[[@R4],[@R5],[@R21]\].

Our study has a main limitation: the role of bacterial infection or co-infection may have been underestimated during the initial sampling. Although systematically sought for, sputum samples for bacterial analysis were available in less than half of the index AECOPD cases. These limitations related to bacterial sampling are inherent to the population studied, in whom sputum analysis may be difficult to collect during an AECOPD. For the same reason, virological samples were collected from the URT rather than sputum. However, the concordance between naso-pharyngeal swabs and lower respiratory tract sampling has been found to be high, in particular for respiratory viruses.

CONCLUSION
==========

Our study suggests that a documented respiratory virus during an AECOPD is not predictive of subsequent exacerbation or mortality rates during the following year. Understanding the mechanistic basis for frequent exacerbations and the exact role of viruses might lead to more effective preventive therapy and warrants further investigations.
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Incidence rate ratio (IRR) of exacerbations during 1-year follow-up.

                                                                                           IRR (95% CI)
  ---------------------------------------------------------------------------------------- ---------------------
  *Presence of virus at index exacerbation:*Non viral index AECOPD                         ref
  Viral index AECOPD                                                                       0.57 (0.39-0.84)\*
  *Number of exacerbations during the   year preceding the index exacerbation:*No AECOPD   ref
  One AECOPD                                                                               2.12 (1.28- 3.50)
  Two or more AECOPD                                                                       3.26 (2.09 -- 5.06)

Adjusted for number of previous exacerbations; ref= reference.
